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^RS TRACT 


"Until  R-eolo!?ic  inf orm^^-tion  is  integrated  in  its 
nroner  ■oersnectlve  with  other  factors  of  the  physical, 
social,  and  econoTnic  environment,  nlanners  and  other 
non-aeolop^i'^ts  continue  to  use  n:eologic  information 

and  nrof esoional  ser’^rtces  of  the  engineering  geologist 
only  occasionally,  and  then  only... after  a geologic 
nrohlem  has  caused  loss  of  pronerty  or  even  of  life," 
(Gardner  and  Johnson,  1971?  Snvironmental  Planning 
and  Geolony. ) 

'^he  first  n^-st  of  this  renort  looks  at  the  relation- 
ship hetween  aeoloffic  data  snd.  iDlanning  in  general  and  as 
seen  hy  some  neoDle  involved  vrith  cases  outside  of  Lewis 
and  Clark  County.  This  is  included  for  the  interest  of  the 
City-County  Plannin&:  Deoartment  f'Jhich  is  at  the  starting 
stage  of  i nco^'-oora ti  ng  geologic  information  into  its 
pianni^"  nrocess. 

Lewis  and  Clark  County  is  dealt  with  in  the  second 
■■''ortion  of  this  renort.  While  the  Planning  Department  does 
recog'^i^e  the  significance  of  anolying  geologic  data  to 
nlannina  ( oarticularly  land  use  planning),  much  of  the 
necessary  ceologic  information  is  lacking.  In  soite  of 
this,  the  ■'^^lannicg  Deoartment  has  gathered  VJ’hat  data  is 
available  and.  is  oroducl  ng  general  physiographic  and 
Slone  mans.  Eventually,  it  alms  to  develop  matrices  for 
guidance  in  nlanning.  Honefully,  with  the  arrival  of  two 
geologists  in  the  summer  of  197^?  more  geologic  data  can 
be  obtained  which  wilt  -nvoTrc  nlanning.  Co’^e 

onmin^ering  geology  tables  and  notes  vjhich  may  be  helpful 
to  the  Planning  Department  are  included  in  the  appendix. 
The  mans  mentioned  in  this  report  that  deal  with  the  pro- 
ject area  are  located  in  the  Planning  Denartment  office. 
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IMTRODUCTION 


Geol ofTv  in  Pl^/nning 

"Planning  is  an  intellectual  process  wherein  1)  data 
are  analyzed  and  2 ) a program  is  formulated  to  bring  about 
a desired  result.  It  is  a -nrocess  by  vjhich  change  is 
initiated,  nromoted,  and  controlled  in  an  orderly  manner 
or,  more  realisticallj?-  in  today's  context,  b3^  which  some 
degree  of  order  is  brought  to  inevitable  change"  states 
Peter  T.  Flawn,  author  of  Environmental  Geology:  Conserva- 
tion, Iand“Use  Planning,  and  Resoi;irce  Manap:ement.  He  adds 
that  land -use  -Dlanning  that  does  not  consider  geologic 
data  has  d.iminished  chances  of  success  since  not  all  of 
the  pertinent  data  have  been  analyzed. 

Geology  is  defined  as  "the  science  which  treats  the 
earth,  the  rocks  of  which  it 'is  composed,  and  the  changes 
which  it  has  undergone  or  is  undergoing"  in  the  Dictionary 
of  Geolomj  ca]  Terms  (American  Geological  Institute"^  19^2 ) » 
Some  problems  of  urban  land  use  that  are  related  to 
geologTT  occur  as  natural  geologic  hazards  (such  as  earth- 
ouakes  and.  landslides ) : other  problems,  such  as  ground- 
v-rater  pollution  and  instability  of  cuts,  pose  existing  or 
potential  threats  due  to  noorly  planned  activities  of  man; 
other  •Droblems  may  have  more  to  do  with  the  economics  of 
land  use  or  devei.onment  than  with  safety  (for  exanple, 
difficulty  of  excavation);  and  there  may  be  problems  that 
concern  aesthetics  (for  instance,  the  destruction  of  some 
aesthetic  features  of  the  landscape  by  unwise  d.evelopment ) , 

Planning  for  the  most  efficient  adjustment  of  man's 
use  of  the  land  to  the  -Dhysical  features  and  characteris- 
tics at  and  below  the  earth's  surface  can  result  from 
collecting  data  provided  by  geologic  and  topographic  maps, 
by  predictions  of  landslides  and  other  geologic  hazards, 
by  engineering  geology  and  soil  mechanics  investigations, 
and  by  an  inventory  of  available  mineral  resources  and 
water  supplies. 

The  diagram  on  the  following  page  was  presented  in 
"An  Experiment  in  Using  Geology  for  City  Planning-  The 
Experience  of  the  Small  Community  of  Portola  Valley, 
California"  by  Hader  and  Crowder  (1971)  and  it  shows  the 
relationship  between  geology  and  the  planning-regulation- 
development  process. 
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Geolop:io  Data  Needed 

CQllection  of  the  following  geologic  data,  may  provide 
useful  information  for  planning  purposes: 

Topographic  mao 
Geolo.'^ic  map 
Surficial  geology  map 
Physiographic  map 
Soils  map 
Depth  to  bedrock 

Thickness  and  structure  of  rock  and  soil  layers 
Strength  characteristics  of  rocks  and  soils  (shear 
strength,  bearing  caoacity,  etc. ) 

Corrosivity  of  geologic  formations  and  soils 
Extent  of  vieathering  of  rocks  and  soils 
Effect  of  frost  action 
Potential  landslide  and  soil  creep 

Fault  movement,  earthquakes,  and  other  dynamic  character- 
istics 

Physical  limitations  and  costs 
Ease  of  excavation 

Mineral  resources  (metallic  and  non-metallic ) 

Slope  character! a tics  (dearee,  aspect) 

Surface  and  groundwater  information: 

Groundwater  potential 
Groundwater  chemistry 

Acquifer  stirage  and  transmission  characteristics 
Thickness  and  distribution  of  acquifer  units 
Permeability  and  porosity  of  rocks  and  soils 
Static  water  level 
Dep'*"^  '•"o  '■''■^')r  table 
Gro'-'v^dwater  recharge  potential 

Distribution  and  types  of  -ootential  sources  of  pollu- 
tion (septic  tanks,  sanitary  landfills,  etc.) 

Flood  hazard 
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Methodol.offiles  of  Other  Projects 

A Geolop-ist  Views  the  Environment , John  C.  Frye 
describes  a project  to  characterize  the  physical  environ- 
ment that  includes : 

Analysis  of  the  physical  character  of  the  major  land- 
forms  within  the  county 

Interpretation  of  the  relation  between  geologic  units 
near  the  surface  and  the  agricultural  soil  units 

Establishment  of  the  character  of  the  layers  of  rocks 
and  glacial  deposits  penetrated  by  drilling 

Definition  of  the  occurrence  and  character  of  the  water- 
bearing strata  in  the  glacial  deposits  and  deeper 
bedrock  layers 

Determination  of  the  feasibility  of  water-resource 
management  programs 

Determination  of  the  feasibility  of  waste  management 
programs 

Delineation  of  the  geographic  occurrence  and  description 
of  the  characteristics  of  construction  material 
resources 

Location  of  commercial  mineral  resources  and  assessment 
of  their  economic  value 

Determination  of  the  engineering  characteristics  of  the 
geologic  units  near  the  surface 

Geologic  evaluation  of  surface  reservoir  conditions  and 
proposed  reservoir  sites. 

This  type  of  data  is  based  on  both  field  work  by 
surficial  geologists,  engineering  geologists,  groundwater 
geologists,  stratigraphers , and  economic  geologists,  and 
laboratory  work.  The  laboratory  work  includes  studying 
cores  and  cuttings  of  deposits;  making  chemical,  textural, 
and  mineralogical  analyses  of  all  deposits  and  rocks; 
determining  physical  pronerties;  making  economic  analyses 
of  the  mineral  resource  situations;  and  studying  the 
occurrence,  quality,  availability,  development,  and 
replenishment  of  groundwater.  The  results  of  these  stud- 
ies are  compiled  on  interpretive  maps  which  the  planning 
department  combines  with  the  results  of  studies  by  other 
agencies  and  by  the  department  itself  for  preparation  of 
maps  that  show  recommendations  for  land  use.  Finally, 
these  maps  along  vrith  nontechnical  text  serve  as  a basis 
for  long-range  development  planning. 

Kackett  and  McComas  (1969)  describe  the  method  for 
interpretation  of  geologic  data  in  Geology  and  Planning 
in  McHenry  County  in  four  steps: 
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1)  Detailed  surfioial  napping  and  subsurface  study, 
supported  by  laboratory  analysis,  to  differentiate 
all  geologic  units  primarily  on  the  basis  of  compo- 
sition and  physical  properties. 

2)  Evaluation  of  geologic  units  in  terms  of  their 
mineral  resources  and  their  engineering  and  hydrolo- 
gic properties. 

3)  Preparation  of  interpretive  maps  in  which  areas  are 
graded  for  specific  land  uses. 

4)  Analysis  of  terrains  in  which  land  units  are  differen- 
tiated on  the  basis  of  physiography  and  earth  materials 
and  evaluated  in  terms  of  their  suitability  for  various 
land  uses. 

Types  of  maps  used  for  engineering  geology  are  out- 
lined by  Matula  (1971)  in  "Engineering  Geologic  Mapping 
and  Evaluation  in  Urban  Planning"  as  follows: 


—Types  of  maps  used  for  engineering  geology 


Map  t'fpe 
Scale 

Svnoptic  maps 
1:100,000-1:200,000 

Basic  maps 
1:25,000-1:50,000 

Detailed  maps 
1:5,000-1:10,000 

\l  ip  ii'f 

Regional  planning 

1.  Land  use 

2.  Conservation 

3.  Highways 

4.  Water  management 

Local  planning 

1.  Prelirtlinary  site 

evaluation 

2.  Geologic  hazards 

3.  Construction  materials 

sources 

Design  and  development 

1.  Residential 

2.  Commercial 

3.  Industrial 

4.  Roadways  and  utilities 

5.  Environment  rehabili- 

tation 

/Imountofili'lai 
k.  units 

1 

Groups,  formations 

Formations,  lithologic 
types 

Lithologic  types,  engineer- 
ing geologic  types 

Symbols  showing  depth 
and  character  of  ground 
water 

Hydroisobaths,  symbols 
showing  corrosiveness 

Hydroisohypses  in  gradua- 
tions of  1 m 

**  'I’Minniic 
r*M»r<‘S>cs 

General  areas  shown  by 
point-symbols 

Boundaries  shown,  evalua- 
tion of  activity 

Detailed  mapping  and 
“hazards”  evaluation 

Ih  deliiiiiiini^ 
Jinl  units 

Areas — zones  (similar 
morphology  Sc  foQndation 
materials) 

Zones — subzones  (uniform 
composition  of  foundation 
soils) 

Districts  (uniform  foun- 
dation conditions) 

Dkiunitmation 
.niv  j)cr  km^ 


1-2 


8-14 


40-50 
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In  "Engineering  Geologic  Mans  for  Regional  Planning" 
Gardner  and  Johnson  (1971)  give  these  tabular  headings  to 
accomnany  their  maps : 


1. — Tabular  text  headings,  to  accompany  the  engineering  geologic  maps 


(1) 

Fn^iiicci  ing  geologic 


(2) 

Equivalent  geologic 


(3) 

Description, 


(4) 

Topographic  ex- 


(5) 

Weathering,  and 


map  unit,  with 
map  symbol 

map  unit  (s)  structure,  and  pression,  and 

thickness  surface  relief 

ancient  soil 
profiles 

(see  Table  2 
for  outline 
of  contents) 

(6) 

Workability 

(7) 

Surface  drainage,  and 
erosion 

(8) 

Ground  water 

(9) 

Suitability  for 
waste  disposal 

Excavation: 
Equipment  type, 
or  method 
Compaction: 
Characteristics 
Equipment  type 
Drilling 

Runoff  rate 

Erosion  suscepti- 
bility 

Permeability 

Water  table: 

Depth 

Character 

Yield  to  wells 

Quality 

Use 

Soil  absorption. 
Septic  tanks 
Sanitary-landfill 
sites 

(10) 

Foundation  stability 

(11) 

Slope  stability 

(12) 

Probable  earthquake 
stability 

(13) 

Use 

Expansive  clay 
Collapsible 
(loessial)  silt 
Subsidence 

Possible  failure 
types 

Hazardous  situations 
Trench-wall  stability 

Most  hazardous 
potential 

Building  or 
construction 
material 

Common  land  use 

"C 


U 

c 

'A 

•V' 

*■ 

i 


'Z 

o 

w 

lU 

2 

z 


'-U 

> 

U) 

(U 

6. 

QC 

V- 

z. 


— Outline  of  topics  in- 
cluded in  iolumn  1 of  the  tabu- 
lar text:  “Description,  Structure, 
and  Thickness” 

Dominant  lithology  and  texture 
Minor  litliologies  and  textures 
Gr.iin  size 
Giading  or  sorting 
Grain  arrangement 
Significant  mineral  com]5osition 
Consolidation  I)y  overburden 
Relative  density 
Consistence 


Stratification 
Cliaracter 
Continuity 
Problem  strata 

Color 

Potential  volume  change  (for  clayey 
materials) 

Structure 

Attitude 

Bedding 

Foliation 

Joints 

Thickness 


D£5ceiPri\/t 

//VFoS/viAr/OAi 
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THE  PROJECT 

Clark  County,  ^ Montana^ 

City-County  Planning  Board 
(established  July  1,  1973)  has  Jurisdiotion  for  the 
ooraprehensiye  planning  process  and  implementation  within 

County  and  the  City  of  Helena^  They 
Planning  enabling  legislation  of  the  State 
of  Montana  and  are  responsible  for  developing  master  plans 
elements  such  as  housing,  transportation,  and  land  use 
?^sponibn  Planning  Board  has  the 

t^the  only  recommendations 

nS-i  L ° public  officials  of  the  City  or  County 
elected  officials  have  the  power  to  make  ^ 
cisions  regarding  plan  acceptance  and  Implementation. 

of*  landowners  in  Lewis 
tionn^^r^  County:  (1,679  square  miles  of  mainly  na- 

forest  land)  is  federally  owned;  47^  (l,644^sauare 
owned.  P^iv^tely  owned;  and  less  than  5^  is  state^ 

terisUcs  of ^ the  general  physical  charac- 

area.  The  mountainous  region  to  the  wesf 
and  north  of  the  county  lends  itself  to  fires tnrod up tf 

foothills  sections  arr^lor^l^rlnge 
land  and  help  to  make  beef  cattle  the  malor  Lurce 
agricultural  income.  The  irrigated  lanrS^rthfels t 

is  usIrmfiSy  fZ  the 

production  of  hay  and  small  grains. 

in  county  was  approximately  ?4.000 

1970  and  is  expected  to  increase  to  38,000  bv  1980  tvip 
population  of  the  county  is  clustered  in  the  southern's^ 
eastern  portions  with  Helena  beina:  the  lar^Lt  clt^  rf^has 

?aolI^v""TSs°L:"?"°f  197rLf  lt'.row^ne 

^oomSts  in  subdivislon^deve- 

areas  and  ' rino  surrounding  mountainous 

aroSd  appeal  (Esoeoialir 

"?e™te"  Mrts  Is  also  fluorishlng  in  more 

Board  has  becom:"awSe“ors"^;er:.l\?:b?ams  rSati^tS® 

lecie^Sir/'^vafb^fr;’?:  uporf?:^fpl":ins, 

aes  ? slopes, 

aesthetic  imnact  of  man-s  activities.  TheJeffr^  th; 

aata"u^on^:hT^h^i? 
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Geolofi;y  of  T^^v^is  and  Clark  County 

I-ewis  and  Clark  County  is  located  In  the  west 
central  part  of  Montana.  It  covers  3»513  square  miles 
of  which  3^  snuare  miles  represent  water  surface  area 
(water  areas  are  mostly  confined  to  the  east  and  southern 
oortions  of  the  county).  Over  ?0^  of  the  land  in  the 
county  is  mountainous  with  the  remainder  in  foothills  or 
intermountain  basins.  Elevations  vary  from  9*^19  foot 
Red  Mountain  in  the  vxest  central  part  of  the  county  to 
elevations  of  approximately  '^,600  feet  in  the  east  central 
portions  vxhere  the  Missouri  River  leaves  the  county.  A 
x-xide  range  of  geologic  features  are  covered,  including 
the  Continental  Divide  in  the  west,  plains,  intermontane 
valleys  (ex,,  Helena  Valley),  cirques  and  moraines  from 
mountain  glaciation,  folded  and  faulted  rocks  (mainly 
showing  a northwesterly  trend),  gorges  (ex..  Gates  of  the 
Mountains),  intrusive  igneous  masses  (ex.,  Boulder  Batho- 
lith),  lakes  (ex.,  Canj^on  Ferry  Lake),  and  more. 

The  geological  history  of  the  county  includes  sedimen- 
tation, regional  uplift,  structural  deformation,  and  ero- 
sion. During  the  Precarabrian  era  thousands  of  feet  of 
sediments  were  deoosited  forming  a thick  sequence  of  sedi- 
mentary rocks.  Sedimentation  continued  during  the  Paleo- 
zoic era  interrunted  by  brief  periods  of  uplift  and  ero- 
sion, In  early  Tertiary  time  widespread  regional  uplift, 
faulting,  erosion,  and  deformation  occurred  in  mountainous 
narts  of  the  county  resulting  in  the  removal  Paleozoic 
and  Mesozoic  sediments  from  large  parts  of  the  county. 
Granitic  rocks  intruded  and  volcanic  rocks  covered  parts 
of  the  county.  There  was  addition  deformation,  uplifting, 
and  erosion  in  later  Tertiary  time  leading  to  dissection 
of  the  mountains  and  develonment  of  mountain  valleys. 
Glaciation  occurred  during  the  Pleistocene  epoch  in  the 
mountai  a*  eas  and  resu''‘*’''d  in  the  formation  of  moraines 

and  outwash  deposits.  A more  detailed  description  of  the 
geologic  history  of  the  greater  Helena  mining  region  by 
Pardee  and  Schrader  (1933)  is  given  on  the  next  page. 
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1 lie  geologic  history  of  the  region  includes  two  contrasting  periods,,  • 
the  earlier  of  which  was  characterized  by  the  accumulatiori  of  marine 
sediments  that  range  in  age  from  Algonkian  to  Upper  Cretaceous., 

• he  later  period  was  one  of  mountain  building  and  erosion,  and 
f hief  events  are  listed  below. 


f'lilding  and  elevation Late  Cretaceous  or  early  Eocene. 

‘ Overthrust  faulting Early  Eocene. 

3.  Extrusion  of  andesitic  lavas  south  of 

Helena Early  Eocene. 

* Intrusion  of  Boulder  batholith Early  Eocene. 

I’criod  of  general  crustal  stability  and 

reduction  of  the  region  by  erosion  to 

n surface  of  low  relief Middle  Eocene  to  early  Ollgoceue. 

Intrusion  of  Marysville  and  Gould 
'Stocks  and  probably  other  granitic 

outliers Early  or  middle  Ollgocene. 

* Extrusion  of  andesitic  lavas,  Stemple 

to  Wolf  Creek Middle  Ollgocene. 

Gentle  warping  and  faulting  that  pro- 
duced shallow  depressions  areally  co- 
extensive with  present  Intermontane 
^alleys.  Showers  of  volcanic  ash  oo- 
curred  during  the  same  period — Middle  Ollgocene. 


■a.  iui'usloa  inrervai. 


lu  xuwusena 


. .(f  ■ 


i. 


Valley. 

10.  Uplift  of  the  present  mountains  and 
continued  depression  of  the  Intermon- 
tane basins  and  at  the  same  time  an 
uplift  of  the  general  region.  Extru- 
sion of  rhyolite,  daeite,  and  basalt 

Dissection  of  the  mountains.  Develop- 
ment of  the  mountain  valleys  and  . 

12  Pliocene  and  Pleistocene.^ 

12.  Local  glaciation  in  the  higher  moun-  ' “ ' - :? 

tains  and  lowland  glaciation  In  the 
extreme  northern  part  of  the  region. 


11 


,1  5 ' 


Miocene  t)r  PUocene.  .f  > < ' 


1 i:- 


■I  > 


Middle  and  late  Pleistocene. 


i 

,1 


The  late  Cretaceous  and  older  sedimentary  rocks  are  all  involvetJ 
in  a series  of  northwestward-trending  folds.  Along  the  east  side- 
of  the  region  overthrust  faults  related  to  the  great  Lewis  overthrust, 
of  Glacier  National  Park  cause  Belt  rocks  to  overlie  rocks  of  . 
Paleozoic  and  Mesozoic  age.  (See  pi.  2.)  Large  normal  faults, 
occur  near  Marysville,  and  faults  of  moderate  displacement  near 
Helena.  The  Tertiary  beds  are  slightly  deformed  by  folds  and 
fniilte  that  are  unrelated  tQ  the  structure  of  the  older  rocks. 


-11- 


rreoloccic  Data  Available  and  Methodology 

The  City-County  Planning  Department  which  advises 
the  Planning  Hoard  is  largely  denendent  upon  specialists 
of  other  agencies  to  nrovide  geologic  data  such  as  those 
listed  on  page  4 of  this  report.  So  far,  however,  these 
agencies  have  been  short  of  funds  and  manpower.  Fortunate- 
ly, the  county  is  not  overwhelmed  by  serious  problems 
from  a geologic  point  of  view;  yet,  this  may  also  be 
looked  unon  as  a drawback  since  it  tends  to  eliminate 
the  area  from  nriority  attention  for  studies.  The  data 
that  is  available  to  the  Planning  Denartment,  though, 
includes  the  following: 

Ceologic  map  of  Montana 

Geologic  raa;o  of  the  Northern  part  of  the  Boulder 
Batholith  and  adjacent  area,  Montana  (Knopf,  I963) 
Geologic  man  of  the  greater  Helena,  mining  district 
(Pardee  and  Schrader,  1933) 

Man  showing  area  of  Boulder  Batholith  and  traces  of 
overthrust  faults  (Pard.ee  and  Schrader,  1933) 

Tonographic  maps 
Arial  photographs 
ERTS  photogranh 

Man  of  nhyslogranhy  and  glacial  geology  of  western 
Montana  (Alden,1953) 

Table  of  veologic  formations  in  Montana  (Perrj/,  I962)- 
see  Apnendix  A-1 

Table  of  water-bearing  pronerties  of  seaimentary  rocks 
of  the  Helena  Valley  (Lorenz,  1951)-see  Appendix  A-2 
References  related  to  the  area-see  Bibliography 
Soils  data  (U.S.D.A.,  Soil  Conservation  Service) 

Despite  the  lack  of  much  needed  geologic  information, 
the  Planning  Denartraent  has  attempted  to  gather  and 
consolidate  as  much  as  possible  and  is  currently  forming 
a slope  map  and  a -nhysio graphic  map. 

The  physiographic  map  depicts  areas  of  stream  depo- 
sition and  erosion  and  area£!  of  glacial  deposition  and 
erosion.  These  nrocesses  were  separated  due  to  the  fact 
that  st'^e'^m  denosits  tend  to  be  stratified  and  sorted 
while  gla.ciaJ  deposits  do  not.  This  map  also  shows  rock 
types  of  the  county  as  sedimentary  (S),  limestone  (L), 
sedimentary  including  limestone  (SL),  intrusive  igneous  (I), 
volcanic  igneous  (Iv),  and  alluvium  (Q),  this  seemed  the 
most  pratical  division  for  engineering  geology  purposes  at 
the  county  level  given  the  limited  amount  of  data  avail- 
able (see  Anpendix  A-3).  The  map  is  based  upon  the 
physiography  and'  glacial  geology  map  of  Montana,  the 
geologi c mao  of  Montana,  the  geologic  map  of  the  northern 
Boulder  Batholith  and  adjacent  area,  and  topographic  maps. 
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The  slope  map  is  based  upon  topographic  maps  and  the 
following  divisions  are  used  for  engineering  and  cost 
reasons  and  due  to  the  scale  of  the  map:  0-10^,  10-20^, 
20-40^,  and  over  Information  about  slopes  is  useful 

in  land  use  planning  for  landslide  evaluation,  sewage 
disposal  system  design,  selection  of  transpotation  and 
utility  line  routes,  drainage  and  erosion  control,  etc.. 

These  are  general  maps  which  can  be  used  as  a 
starting  base  for  information  to  be  used  in  elements  of 
area  plans  (more  specific  data  are  required  for  local 
usage).  The  Planning  Department  hopes  eventually  to  come 
up  with  matrices  for  guidance,  including  types  (of  rocks) 
vs.  characteristics,  activities  vs.  characteristics,  and 
activities  vs.  tjrpes.  Examples  of  the  activities  vs. 
characteristics  matrices  developed  by  the  State  Department 
of  Natural  Resources  are  shown  in  Appendix  A-4. 

Even  thouvh  other  agencies  have  been  unable  to 
directly  aid  the  Planning  Department,  some  have  produced 
geologic  reports  concerning  certain  areas  within  the 
county  which  are  useful  to  the  Planning  department  (for 
instance,  Reconnaissance  Geology  of  the  Mike  Horse  Planning 
Unit,  Lincoln  Ranger  District  (Whipple,  1973 » U.S.D.A. 
National  Forest  Service),  and  Water  Resources  of  the  Upper 
Blackfoot  River  Valley,  West-Central  Montana  (Coffin  and 
Wilke,  1971»  U.S.  Geological  Survey) . Also,  the  staff  of 
other  agencies  in  the  area  are  willing  to  contribute  what 
data  they  do  have,  their  expertise,  and  their  time  to  the 
greatest  extent  possible.  Attempts  are  being  made  at 
collecting  data  so  that  unknowing  duplication  of  effort 
by  agencies  is  avoided  and  so  that  agencies  may  incor- 
porate collection  of  data  for  planning  purposes  into  their 
work  when  possible.  Puthermore,  the  State  Department  of 
Intergovernmental  Relations  is  making  an  effort  to  compu- 
terize and  coordinate  data  from  various  sources. 

Future  Outlook 


In  the  summer  of  1974,  two  geologists  will  begin 
field  work  in  lewis  and  Clark  County  and,  hopefully,  more 
geologic  information  of  use  to  planners  will  be  obtained. 
It  would  be  ideal  if  maps  such  as  those  presented  in  the 
U.S.  Geological  Survey  folios  could  be  developed  for  the 
region.  These  usually  describe  the  following: 

Thickness  and  distibution  of  units 
Terrain,  natural  slope,  and  slope  stability 
Drainage,  permeability,  and  water  table 
Frost  susceptibility 
Earthouake  stability 
Excavation  characteristics 
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Siiitflhi'i  1 ty  for  siib^rade,  fill  or  borrow,  and  compaction 
chorac teri s ti cs 
Suitability  for  foundations 
Points  of  ^eoloyic  interest 

These  characteristics  are  usually  qualitatively  described 
in  terms  of  hiyh-low  or  food-fair-poor . Numerical  values 
are  cornjTionly  given  for  size  classification,  density, 
plasticity  index,  etc.  Interpretive  maps  depicting  the 
suitability  of  different  geologic  formations  for  different 
land  uses  can  produced  from  the  geologic  folio  maps 
(however,  individual  site  plans  will  reouire  more  intensive 
investigations  by  specialists). 


Another  source  of  manpower  for  obtaining  geologic 
information  mio-’ot  be  collere  students.  Perhaps  geology 
students  at  t>ie  University  of  Montana  in  Missoula  and  the 
Montana  State  University  in  Bozeman  could  do  studies  in 
Lewis  and  Clark  County  which  would  benefit  both  the 
students  and  the  Planning  Deaprtment. 

Anpendix  B includes  engineering  geolog3/  tables  and 
notes  which  ma^r  be  helpful  to  the  Planning  Department  as 
it  progresses  tovrard  its  goal  of  meaningfully  applying 
geologic  data  to  land-use  planning. 
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APPENDIX  A-1 
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RY  ROCKS 


Alluvium  (Recent  River  Deposits) 
Glacial  Monine 


Tertiary  Sediments 
(Bozeman  Beds) 


Flaxville  Gravel 

(Tongue  River  Member 
Fort  Union  Formation  (Lebo  Member 

(Tullock  Member 


St.  Marys  Formation 


Hell  Creek  Formation 


Horsethief  Sandstone 
Bearpaw  Formation 
Judith  River  Formation 
Claggett  Formation 
Eagle  Formation 
Telegraph  Creek  Formation 


Lennep  Sandstone 

Pierre  Formation 


Fox  Hills  Sandstone 


Telegraph  Creek  Formation 


Marias  River  Formation 
Blackleaf  Formation 


Niobrara  and  Carlile  Formations 
Frontier  Formation 
Mowry  Formation 
Thermopolis  Formation 


Kootenai  Formation 


Cloverly  Formation 


Morrison  Formation 
Swift  Formation 
Rierdon  Formation 
Sawtooth  Formation 


Sundance  Formation 
(Gypsum  Springs) 


Thaynes  Formation 
Woodside  Formation 
Dinwoody  Foi’mation 


Chugwater  Formation  Spearfish  Formation 


Phosphoria  Formation 


Embar  Formation 


Minnekahta  and  Opeche 
Formations 


Quadrant  t^uartzite 
Amsden  Formation 


Tensleep  Sandstone 


Minnelusa  Formation 


Alaska  Bench  Formation 
(Tyler  Formation) 


(Brazer  Limestone) 


Heath  Formation 
Otter  Formation 
Kibbey  Formation 


Madison  Limestone 
Sappington 


Charles  Formation 
Mission  Canyon  Formation 
Lodgepole  Formation 
( Exshaw-Bakken-Englewood ) 


Three  Forks  Formation 

(Potlatch  Anhydrite 
Formation) 

Jefferson  Formation 

Maywood  Formation 


Three  Forks  Formation 
Birdbear  (Nisku)  Formation 
Duperow  Formation 
Souris  River  Formation 
Dawson  Bay  Formation 
Prairie  Evaporite  Formation 
Winnipegosis  Formation 
(Ashern  Formation) 


Interlake  Formation 


Stony  Mountain  Formation 
Red  River  Formation 
Winnipeg  Formation 
Whitewood  Formation 


Big  Horn  Dolo. 


Red  Lion  Formation 

Hasmark  Formation 
Silver  Hill  Formation 

Flathead  Formation 


Grove  Creek  Formation 
Snowy-Range  Formation 
(Dry  Creek  Member) 
Pilgrim  Limestone 
Park  Shale 
Meagher  Limestone 
Wolsey  Shale 
Flathead  Sandstone 


Deadwood 

Formation 


Missoula 

Group 


Piegan 

Group 

Ravalli 

Group 


Rock  Rabbit  Formation 
Bouchard  Formation 
Sloway  Formation 
Ldpine  Formation 
Spruce  Formation 

Wallace  Limestone 

St.  Regis  Formation 
Revett  Quartzite 
Burke  Formation 


Pre-Ravalli  Prichard  Formation 


Pilcher  Quartzite 
Garnet  Range  Quartzite 
McNamara  Formation 
Bonner  Quartzite 
Miller  Peak  Argillite 

Wallace  Limestone 

Grinnell  Argillite 

Apekunny  Argillite 

Altyn  Limestone 


Greenhorn  Quartzite 
Marsh  Shale 
Helena  Limestone 
Empire  Shale 
Spokane  Shale 
Greyson  Shale 
Newland  Limestone 

Chamberlain  Shale 


Neihart  Quartzite 


Cherry  Creek  Series 
(Pony  Series) 


Stillwater  Complex 


-LIST  OF  GEOLOGIC  FORMATIONS  IN  MONTANA 
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APPENDIX  A-2 


•Sedimentary  rocks  of  the  Helena  Valley  and  their  vater-bearlne  prohaytla*  t'Pi  . f In  i t. 


Age 

Formation 

Thick- 

ness 

(feet) 

Lithologic  character  ' 

Whtep  supper  , ' 

. 

Quaternary 

Alluvium 

Sand  and  gravel  deposited  In  broad  coa- 
lescing fans  along  the  southern  and 
western  slopes  of  the  valley,  thinning 
and  grading  into  finer  materials  toward 
the  central  part  of  the  valley. 

Held*  adequatm  fuppllet'^folr'  domestic^ 
and  stock  purpose*  except  tn  erfS* 
where  very  thin  and  fine-grained;  In 
some  places  yields  are  sufficient  for. 
Irrigation.  Water  Is  highly  mineral- 
ized in  places,  / 

Auriferous 

gravels 

Local  deposits  of  locally  derived  boul- 
ders, cobbles,  gravel,  and  sand;  com- 
posed mainly  of  eindeslte,  vein  quartz, 
and  granite  fragments  near  Montana 

City;  of  quartz  monzonite  and  limestone 
fragments  in  Last  Chance  Gulch. 

Yield  moderate  supply  of  water  'to  a few 
wells. 

Tertiary 

"Lake 

beds" 

Mainly  fine-grained  light -colored  clay 
of  volcanic  origin  Interbedded  with 
sand  and  gravel  and  some  lignite; 
Indurated  txiffs  present  in  south  part 
of  area  between  Helena  and  East 

Helena.  Broad  exposures  In  southeast 
part  of  valley;  mantled  by  alluvium 
elsewhere. 

Lower  beds  In  central' pert  of  vml^y 
contain  water  under  artesian  pressure 
and  will  yield  large  supplies. to  wfUt, 
Yields  sufficient  for  domestic  and 
stock  use  In  areas  where  beds  are  com- 
posed of  clay  and  Interbedded  sand. 
Indurated  tuffs  yield  only  very  small 
quantities  of 'water  to  wells. 

Cretaceous 

Originally  sandstone,  and  shale  but 
later  altered  by  intense  metamorphism. 

Hot  water  bearing. 

9 

•H 

i 

>k 

S 

a 

4) 

CU 

Quadrant 

quartzite 

150-190 

Quartzite,  sandstone,  and  some  Inter- 
bedded white  limestone;  altered  by  con- 
tact metamorphism. 

Yields  small  supplies , but  not  liq>ortaQt 
as  source  of  water* 

- ■'  > 

Carbon- 

iferous 

Mlsslsslpplan 

Madison 

limestone 

2,600 

The  upper  part  Is  very  massive  light- 
colored  limestone  that  has  been  altered 
to  white  marble  in  the  vicinity  of 

Helena.  The  middle  part  consists  of 
light-  to  deirk-gray  limestone  beds  sep- 
arated by  shale  partings;  much  of  the 
limestone  is  cherty.  The  lower  part  Is 
thin-bedded  Inqpure  blue  limestone  con- 
taining crlnold  stems  and  other  fossil 
fragments.  A persistent  bed  near  the 
base  contains  needles  of  black  tourma- 
line. 

Not  an  Important  source  of  water  tn  thli 
area. 

Devonian 

$4 

1 

Three 

Forks 

shale 

270-282 

Composed  essentially  of  black  shale  and 
beds  of  limestone.  A 15-foot  bed  of 
black  carbonaceous  shale  at  the  top  of 
the  formation  rests  on  light -colored 
calcareous  shale  that  grades  downward 

Into  earthy  shale  with  interbedded 
quartzite . 

Generally  either  not  water  bearing  or 
productive  of  only  meager  euppUee. 

Jefferson 

limestone 

2U3  • 

Dark-colored  limestone  with  some  light- 
colored  beds,  ^e  dark  beds  have  a 
granular  structure,  are  commonly  mot- 
tled by  light -colored  patches  of  meta- 
morphosed corals,  and  produce  a fetid 
odor  when  struck  with  a hammer. 

Yields  water  to  small  springs  from 

Joints  and  solution  passages. 



(Lorenz,  195^ ) 


-15-. 


.--Sedimentary  rocks  of  the  Helena  Valley  and  their  water-bearing  properties— Continued 


Age 

formatioD 

Ttilck- 

ness 

(feet) 

’ ’ y 

Lithologic  character 

Water  supply 

u 

SL 

a 

Dry  Creek 
shale 

175-^90 

Light -colored  thin-bedded  limestone 
with  crinkled  bands  of  Jasper;  in 
places  the  rock  is  composed  of  lime- 
stone pebbles  held  In  a glauconitic 
matrix.  Basal  1*0  feet  consist  of 
brownish-yellow,  red,  and  pink  shale 
and  calcareous  sandstone. 

Yields  very  little  water. 

Pilgrim 

limestone 

317 

Massive  blue  to  dark -gray  limestone. 

The  upper  bed  is  a light -gray  lime- 
stone. The  lowest  bed  Is  a dark 
crystalline  rock  mottled  with  yellow 
and  dark -gray  spots. 

Yields  water  for  small  springs  from 
Joints,  bedding  planes,  and  solution 
channels . 

CHtbrlan 

Park 

shale 

150 

Earthy  and  micaceous  dark-gray  to  green 
or  purple  shales,  not  well  Indurated. 

Sot  water  bearing. 

Meagher 

limestone 

1«)0 

Light -gray  to  blue  limestone  and  shale. 
Ihln-bedded  fossillferous  limestone  at 
top  grades  downward  into  massive  lime- 
stone that  becomes  shaly  near  the  base. 

Not  water  bearing. 

a 

3 

d 

Wolaey 

shale 

l»20 

Micaceous  and  calcareous  gray  to  green 
shale  with  small  concretions  of  limestone. 

Rot  water  bearing. 

3C 

Flathead 

quartzite 

300 

Hard  fine-grained  massive  quartzite  to 
gray  and  yellow  sandstone.  In  upper 
peurt  are  thin  beds  of  gray,  brown,  and 
green  micaceous  shale.  The  lowest 
stratum  is  pebbly  in  places,  grading 
into  a conglomerate  at  the  base.  The 
pebbles  In  the  basal  beds  consist 
chiefly  of  material  derived  from  the 
underlying  rocks. 

Yields  water  to  small  springs  from 
numerous  cracks  and  fractures.. 

Marsh 

shale 

75-300 

Red  and  yellowish-green  shale  and  thln- 
bedded  sandstone. 

May  yield  small  supplies  locally. 

« 

Helena 

limestone 

2,l»00 

lnqjure  blue  to  gray  noncrystalline  lime- 
stone occxirrlng  In  beds  1 to  6 feet 
thick  separated  by  thin  bands  of  shale. 

The  limestone  Is  blue  on  fresh  fracture 
but  has  a characteristic  buff  velvety- 
appearing  surface  on  weathering. 

Yields  small  supplies  to  shallow  wells 
and  springs. 

Pre- 

^•wbrlan 

U 

V 

m 

4> 

Empire 

shale 

600 

Shale  and  greenish-gray  slate  with  char- 
acteristic purple  spots. 

Yields  small  supplies  to  springs. 

Spokane 

shale 

1,500 

Massive  and  thin-bedded  siliceous  shale, 
connonly  deep -red.  > 

Yields  small  supplies  to  numerous 
springs. 

, 

Greys  on 
shale 

■ 1 

3,000 

Shale,  dark -gray,  weathering  to  rusty 
brown.  Dark -gray  shale  with  Inter- 
bedded  quartzltlc  layers  near  middle 
of  formation  is  underlain  by  a consid- 
erable thickness  of  fissile  light-gray 
to  pale -buff  shale. 

Not  water  bearing. 

ROCKS  OF  LEWIS  AND  CLARK  COUNTY 
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Morrison  Formation  Ju  calcareous  shale  and  sandstone  non-marine  0-300 

fluvial , 
paludal , 
lacustrine 


Geologic  Depositional  Thickness  Planning  Symbol 

Formation Symbol Description Environment (feet) (see  page  10) 

Colorado  Shale  Kc  dark  gray  shale  and  siltstone  stable  marine  1,500-2,200  S 

Kdg  diorite  and  gabbro 
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Vehicle  & equipment  movement 

Water  sprinklers 

Disease  & insect  control 

Domestic  animals  influence. 

Exotic  introduction 

Fertilizer  application 

Material  brought  in  for  lawn 

Fences  erected 

1 Well  digging 

Septic  tanks  & drain  fields 

Utilities 

Rigid  structures 

Tree  thinning 

Blasting  & drilling 

Earth  cutting  & filling 

Excavation 

Site  stripping 

Vegetation  removal 

gravelling  & pavement 

ditching  & drainage  control 
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Road  construction  & mainten.: 
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direct  & indirect 
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Sub-surface  permeability 

Shrink-swell 

Erosion  potential 
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Vehicle  & equipment  movement 

Water  sprinklers 

Disease  & insect  control 

Domestic  animals  influence, 

Exotic  introduction 

Fertilizer  application 

Material  brought  in  for  lawn 

Fences  erected 

Well  digging 

Septic  tanks  & drain  fields 
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Bedrock  geology 

Surficial  geology 

Features  of  unique 
scientific  & educ.  value 

Landslides 

Faults 
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Slope  stability 

Potential  settlement 
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Degree  of  weathering 
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Strength  of  geological 
foundation 

Stream  cutting 
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Fluvial  movements 

General  topography 
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So^_  Geo]  og;lc  Hints  for  the  Planner? 

WLaiLe.r. 

Granite-if  decomposed,  good  for  filtering. 

-if  houldery,  not  pood  for  filtering. 

Faults  and  Fractures-af feet  water  storage  and  transmis- 
sivity of  rocks.  Some  fault  zones  are  more  permeable 
than  the  rocks  they  pass  through  and  provide  passages 
for  groundwater  movement  vJhile  others  are  less  ner- 
meahle  and  act  as  barriers. 


Removing  sunoort  from  (ex.,  excavation)  and  adding  load 
to  (ex.,  construction,  adding  fill)  a slope  are  chief 
ways  in  which  man  causes  landslides. 

Removing  vegetation  increases  runoff  and  therefore  ero- 
sion which  overs teenens  slones  and  may  lead  to  sliding. 

Loose  or  poorly  consolidated  material  is  especially 
susceptible  to  sliding  and  may  fail  if  saturated  with 
water  or  is  otherwise  overloaded  without  adequate 
advance  nreventive  measures. 

Rockfalls 

Areas  narticularly  subject  to  them  are  on  or  just  below 
cliffs . 


Potentially  Unstable  Slones  may  occur  where 

Bedding  in  sedimentary  rocks  is  nearly  parallel  to  the 
slope;  extensive  excavation  could,  undercut  the  slope 
and  promote  sliding  of  rock  downward  along  the  bedding 
planes.  Slopes  in  cla.ystone  or  shale  have  more  poten- 
tial for  failure  than  slopes  in  other  rock  types. 

Steep  slopes  are  overlain  by  relatively  thick  unconsoli- 
dated debris  that  might  slide  if  undercut. 

Steep  slopes  are  underlain  by  fractured  granitic  rock; 
saturation  by  rainfall,  snowmelt  or  water  diversion, 
or  undercutting  by  streams  in  flood  may  cause  sliding. 

Earthouake  Hazard 

Structures  built  on  loosely  or  partly  consolidated 
surficial  materials  instead  of  bedrock  are  more 
likely  to  be  damaged  by  vibration  during  a major 
earthquake . 


Swelling  Pressure 
Very  critical 


Categori es 

above  T]-,  700  nounds  per  square  foot 


Critical 

Marginal 

Noncritical 


3,200  to  4,700  psf 
2,700  to  3,200  psf 

0 to  2,700  DSf 
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Sqnitg.ry  Land 11  Sites  should 

■Re  in  rii.e,teri?5l  of  low  •Der^neahility  (few  fractures). 

Not  intersect  aouifers. 

Be  at  least  20  to  30  feet  above  the  highest  seasonal 
level  of  the  water  table  to  minimize  the  contamina- 
tion of  fz-roundwater  from  leachate. 

Be  far  enough  from  streams  to  protect  surface  water 
from  contamination  and  located  so  that  it  will  not 
be  inundated  by  floods. 

Have  suitable  cover  material  (relatively  irapermeable ) 
near  the  site. 

Not  be  located  over  a.  fault. 

Base  of  Eycavati on 

Common  excavation  includes  easily  excavated  unconsoli 
dated  sand  and  gravel  to  more  difficult  to  move 
boulder  fields. 

Rock  excavation  includes  friable  sandstones  easily 
drilled  and  broken  by  blasting  to  hard  durable  lime 
stones  that  are  difficult  to  drill  and  require  much 
blasting. 


APPENDIX  B-2 


Age  of  Geologic 
Formations 


Era 

Period 

Epoch 

Age  Range*! 

Cenozoic 

Quartenary 

Recent 

0-1 1,000  years 

Pleistocene 

11,000-1  million 

Tertiary 

Pliocene 

1-13  million  years 

Miocene 

13-25 

Oligocene 

25-36 

Eocene 

36-58 

Paleocene 

58-63 

Mesozoic 

Cretaceous 

Upper 

63-90 

Lower 

90-135 

Jurassic 

135-181 

Triassic 

181-230 

Paleozoic 

Permian 

230-280 

Permsylvanian  T 
Mississippian  / 

Carboniferous 

280-310 

310-345 

Devonian 

345^05 

Silurian 

405^25 

Ordovician 

425-500 

Cambrian 

500-600 

PreCambrian 

Proterozoic 

600+ 

Archeozoic 

? 

• Kulp»  J.  L.,  “Geologic  Time  Scale,”  Science^  133,  1961,  p.  1 105-1 114. 

t There  is  considerable  controversy  in  ages  in  the  Paleozoic  Era  and  in  the  ^ginning  of  the  Recent 
and  Pleistocene  epochs.  The  Pleistocene  may  have  begun  as  long  ago  as  2.5  million  years  and  ended  as 
late  as  5000  years  ago  according  to  some  authorities. 


(So^Ters  and  Sower?^,  197^^) 
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W_ENPIX  B-3 

FHE  PHYSICAL  PROPERTIES 
OF  SOME  COMMON  ROCK  TYPES* 

• fables  A,  R,  D,  E,  G,  H,  I,  J from  Kessler  and  Sligh,  U.  S.  Bureau  of  Standards 
Reseaich  Paper  R P 1)20,  1910.  Tables  C,  F from  The  Internatiotial  Critical  Tables, 
1927.  _ 

Tabi  F A.  Wficiit  Pfr  Cubic  Foot 

Material  Weight  (Ib/cu  ft) 

Granite  162-172 

Marble  165-179 

Limestone  117-175 

.Slate  168-180 

Qnart/ite  165-170 

Sandstone  119-168 

Tabi.f.  R.  Compressive  Strenc-th 

Material  Compressive  Strength 

(Ib/in^) 

Granite 5000-60,000 

Marble  8000-27,000 

Limestone  2600-28,000 

Sandstone  5000-20,000 

Quartzite  16,000-45,000 

Brick 1000-20,000 

Table  C.  Tensile  Strength 

Material  Tensile  Strength 

(Ib/in^) 

Granite  427  to  711 

Limestone  427  to  853 

Marble  427  to  1280 

•Sandstone  142  to  427 

Table  D.  Shearing  Sirength 

Material  Shearing  Strength 

(lb /in^) 

(banite  3700-4800 

Slate  2C00-3600 

Marble  1300-6500 

Limestone  800-3600 

Sandstone  300-3000 

1 ABLE  E.  Flexural  Strength 

Material  Modulus  of  Rupture 

(lb /in-) 

(banite  1380-  5550 

Marble  600-  4000 

Limestone  500-  2000 

Slate  6000-15,000 

Sandstone  700-  2300 

(Trefethen,  1959) 
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Table  F.  Elasticity 


Material  Modulus  of  Elasticity 

(Ib/in^) 

tlianite  4,545,000  to  8,700,000 

Marble  7,250,000  to  10,150,000 

Slate  8,700,000  to  13,050,000 

Limestone  4,350,000  to  8,700,000 

Sandstone  2,320,000  to  1,885,000 

• 


Table  G.  I oughness 

(For  this  lest  the  specimen  was  mountcti  securely  on  a heavy  cast-iron  base.  A steel 
plunger  with  the  lower  end  rounded  rests  on  the  specimen,  and  a 2-kg  weight  is 
dropped  on  the  plunger  by  a motor  driven  sprocket  chain.  The  height  of  the  first  drop 
is  1 cm,  and  each  succeeding  drop  is  increased  by  1 cm.) 


Material  Toughness 

Range  Average 

Granite  7 to  28  13 

Diorite  6 to  38  23 

Basalt  5 to  40  20 

Diabase  0 to  50  19 

Quartzite  5 to  30  15 

Sandstone  2 to  35  10 

Limestone  ; 5 to  20  7 

Marble  2 to  23  G 

Slate  10  to  25  — 

Table  H.  Abrasive  Hardness 

Material  Values 

Granite  37  to  98 

Marble  8 to  42 

Limestone  1 to  24 

Sandstone  2 to  2G 

Slate  6 to  12 


Material 


Table  1.  Absorption 


Granite  . 
Marble  . . 
Slate  . . . . 
Quartzite 
Sandstone 
Brick  . . . 


Absorption 
by  Weight 
(%) 

0.07  to  0.30 
O.Of)  to  0.45 
0.01  to  0.60 
0.10  to  2.00 
2.00  to  12.00 
0.20  to  30.00 


Table  J.  Porosity 

Material 

Granite  

Marble  

Slate  

Quartzite  

Sandstone  

Limestone  


Porosity 

(%) 

0.4  to  3.84 
0.4  to  2.1 
0.1  to  1.7 
1.5  to  2.9 
1.9  to  27.3 
1.1  to  31.0 
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Compressive  strength,  psi 


Compressive  Strengths  of  Rocks  (General  Values)* 


Type  of  rock 


Over  40,000 

25.000- 40,000 

10.000- 25,000 

5,000-10,000 
Under  5,000 


Some  basalts,  diabase,  some  quartzites 
Fine-grained  granites,  diorite,  basalt,  compact,  well- 
cemented  sandstones  and  limestones,  quartzite 
Average  sandstones  and  limestones,  medium-  and  coarse- 
grained granites,  gneiss 
Porous  sandstones  and  limestones,  shales 
Tuff,  chalk,  very  porous  sandstone,  siltstone 


• From  A.  von  Moos  and  F.  de  Quervain,  “Technische  Gcsteinkunde,”  Birkhaeuscr 
Verlag,  Basel,  Switzerland,  1948. 


(Krynine  and  Judd,  195?) 


CAUSES  OF  INSTABILITY 


Causes  of  Increased  Stresses  Causes  of  Decreased  Strength 


1.  L'xiernal  loads  such  as  buildings,  water, 
or  snow. 

2.  Increase  in  unit  weight  by  increased  water 
content. 

3.  Kerhoval  of  part  of  mass  by  excavation. 

4.  Undermining,  caused  by  tunneling, 
collapse  of  underground  caverns,  or 
seepage  erosion. 

5.  Shock,  caused  by  earthquake  or  blasting. 

6.  Tension  cracks. 

7.  Water  pressure  in  cracks. 


1.  Swelling  of  clays  by  adsorption  of 
water. 

2.  Pore  water  pressure  (neutral  stress). 

3.  Breakdown  of  loose  or  honeycombed 
soil  structure  with  shock,  vibration  or 
seismic  activity. 

4.  Hair  cracking  from  alternate  swelling 
and  shrinking  or  from  tension. 

5.  Strain,  and  progressive  failure  in  sensitive 
soils. 

6.  Thawing  of  frozen  soil  or  frost  lenses. 

7.  Deterioration  of  cementing  material. 

8.  Loss  of  capillary  tension  on  drying. 


Failure  could  result  from  any  one  or  any  combination  of  these  factors. 
Most  are  independent,  but  some  may  be  interdependent.  For  example, 
progressive  strain  in  loose  saturated  sands  causes  a neutral  stress  increase 
that  leads  to  a loss  of  strength  and  possibly  a breakdown  or  collapse  of  soil 
structure.  The  possible  number  of  combinations  of  factors  leading  to  stability 
is  staggering;  15!,  or  1,307,674,368,000.  The  effect  of  water  is  vital:  water 
pressure  or  changes  in  water  are  involved  in  10  of  the  15  factors  listed. 

In  cases  of  failures  that  result  in  property  damage  or  loss  of  life,  the 
engineer  is  often  called  upon  to  determine  the  cause  of  the  failure.  In  most 
cases  a number  of  causes  exist  sirhultaneously,  and  so  attempting  to  decide 
which  one  finally  produced  failure  -is  not  only  difficult  but  also  incorrect. 
Often  the  final  factor  is  nothing  more  than  a trigger  that  set  in  motion  an 
earth  mass  that  yvas  already  on  the  verge  of  failure.  Calling  the  final  factor 
the  cause  is  like  calling  the  match  that  lit  the  fuse  that  detonated  the  dynamite 
that  destroyed  the  building  the  cause  of  the  disaster. 

(Sowers  and  Sowers,  1970) 
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